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Abstract 
The mass usage of veterinary pharmaceuticals in farms has contributed to environmental pollution in vicinity waters, 
soils, and sediments from farms and composting facilities. In the present study, we investigated the usage of four 
antibiotics (viz., lincomycin, sulfamethazine, sulfamethoxazole, and trimethoprim) to understand their contamination 
routes from livestock manure piles. Residual levels of these antibiotics in a nearby reservoir were set as a positive con‑
trol (Site 1), and a swine manure pile in a farm (Site 2) and a soil sample around the manure pile (Site 3) were selected 
for this study. Artificial rainwater was flowed into the manure sample (Site 2), the soil sample around the manure pile 
(Site 3), and a soil sample around the vicinity river (Site 4). A stream sample (Site 5) around the manure pile and river 
water near the manure pile (Site 6) were also collected. For qualitative and quantitative analyses, analytical valida‑
tion was performed, and all the four antibiotics were detected at Site 1 in the concentration range of 0.03–1.6 µg/L. 
Lincomycin was the antibiotic with the highest detection level. At Site 2, the detection level of all antibiotics remained 
at 0.3–17.3 µg/L, and their residual amounts were continuously detected in subsequent samples with approximately 
30‑fold decrease. The migration of antibiotics was confirmed to be independent of pH value. Therefore, this study 
indicates that farm manure pile should be thoroughly managed for antibiotic contamination in vicinity areas with 
periodical monitoring, especially waterways.
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Introduction
Pharmaceuticals and personal care products (PPCPs) are 
increasingly being used at homes, hospitals, and livestock 
farms, as a result of which they are frequently detected in 
soil environments, effluents of sewage treatment plants, 
rivers, reservoirs, and sediments [1–3]. Especially, there 
has been an increasing interest in the environmental con-
tamination caused by perfumes, shower supplies, insect 
repellents, and pharmaceutical substances, including 
antibiotics [4, 5]. In the case of more than 60% of anti-
biotics, unchanged antibiotics could be excreted to the 
outside of livestock bodies via feces and urine and hence 
could be easily introduced into the aquatic environment 
[6].
PPCPs that are introduced into the aquatic ecosystem 
can cause acute and chronic toxicity to aquatic organisms 
[7, 8]. It has been reported that the metabolites of these 
PPCPs can also enter the aquatic environment and cause 
adverse effects on the aquatic ecosystem [9]. Household 
sewage and factory wastewater are collected and treated 
through sewage pipes at a sewage treatment plant [5]. 
Although the effluent emission limit in the sewage treat-
ment plant is set to pass biological standards and phys-
icochemical standards, it cannot be considered that the 
treatment of trace organic substances such as PPCPs is 
performed in a perfect manner [9, 10].
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In several countries, livestock manures containing large 
amounts of medicinal substances are discharged into the 
environment with appropriate treatment at wastewater 
treatment facilities, composting facilities, and liquefac-
tion facilities for self-treatment or consignment treat-
ment [11]; however, the majority of livestock manure 
does not go through an appropriate treatment process. 
There are several cases of inflow into the surrounding soil 
and rivers due to the rapid expansion of intensive live-
stock facilities as a nonpoint source [12].
In this manner, untreated PPCPs from sewage treat-
ment plant effluents and unexpected and livestock 
manure runoffs flow into various water systems and 
disturb the aquatic ecosystem [2, 10, 11]. When sludge, 
a byproduct of sewage treatment, is used for improving 
farmland, PPCPs can be easily contaminated in agricul-
tural environments and probably remain in the agricul-
tural environment and get absorbed by growing crops 
[13].
This study was conducted to trace the contamination 
routes of livestock antibiotics that contaminate water-
ways from livestock manure piles, which were not trans-
ported to treatment facilities but stored in livestock farms 
for composting process and then introduced into vicinity 
soils and rivers via factitious water. The level of residual 
antibiotics in reservoirs as control and that in compost-




Samples were collected in May 2014 at the upstream 
point in Ulsan, South Korea. The sampling point was 
selected as the point where manure flowed into the river 
due to surface runoff, and for the control group, a res-
ervoir was selected in the same tributary. Samples were 
transported to the laboratory immediately after collec-
tion and stored in a refrigerator at ≤ 4  °C. Pretreatment 
and instrument analysis were completed within 2 weeks 
of sample collection.
Selection of analytical items in PPCPs
Although there are several different substances corre-
sponding to PPCPs, four antibiotics, viz., lincomycin, sul-
famethazine, sulfamethoxazole, and trimethoprim, were 
analyzed in this study to determine their levels in vicin-
ity soils and waterways after runoff of livestock manure. 
The structure of the four livestock antibiotics is shown in 
Additional file 1: Fig. S1.
Sample preparation and instrumental analysis
In the case of soil and manure samples (Sites 2 to 4), 
200 mL of a pH solution prepared using 3.5 M sulfuric 
acid was poured into 20 g of the sample to confirm the 
effect of nonpoint contamination. The experiment was 
conducted under three pH conditions (4, 5, and 6). A 
0.2-μm PTFE syringe filter (Whatman, Sigma-Aldrich, 
St. Louis, MI, USA) was used to remove solid sub-
stances as impurities from the leachate. The filtered 
sample was pretreated in the same manner as done for 
the water sample. An automatic extraction device (SPE-
DEX, Horizon Technology 4790, Salem, NH, USA) 
equipped with a hydrophilic–lipophilic balance (HLB) 
cartridge (Waters, Milford, MA, USA) was used for the 
extraction of PPCPs from the sample. Before extrac-
tion, 3.5 M sulfuric acid was added to adjust the sam-
ple pH to 5, and 400 μL of ethylenediaminetetraacetic 
acid [EDTA], 0.1 μg/mL) and 20 μL of internal standard 
(Sulfathiazole-d4, Ibuprofen-13C3, 17β-estradiol-13C2) 
were added to the samples.
Methyl tertiary butyl ether (MTBE), methanol, and 
distilled water were pre-flowed into the cartridge (Oasis 
HLB 200 mg), and then the sample was passed, washed 
with distilled water, and dried. The analyte was eluted 
with a 10% methanol/MTBE mixed solution and meth-
anol and then concentrated, after which qualitative and 
quantitative analyses were conducted by liquid chro-
matography/mass spectrometry (LC/MS/MS, Waters 
Acquity Xevo TQ-S MS/MS, UK). The analyte was 
subjected to electrospray ionization using the multiple 
reaction monitoring method. Specific analytical condi-
tions (column properties, column oven temperature, 
mobile phase, MS conditions, etc.) are represented in 
Additional file 1: Fig. S2.
Quality assurance and quality control
To prepare the calibration curve, a standard mix-
ture solution was prepared at a concentration range 
of 0.01–2 μg/L (5 points) and pretreated in the same 
manner as done for the sample. The correlation coef-
ficient (R2) of the calibration curve was ≥ 0.99, and 
the analytes were quantified using the internal stand-
ard method [4]. For checking the matrix effect of the 
interfering substances contained in the actual sample, 
a standard substance was injected into the sample 
(adjusted to 0.5  μg/L concentration) and measured 
three times. According to the result, the accuracy in 
the actual sample was 77–129%, and the precision 
(relative standard deviation) was 0–19%, indicat-
ing that the effect of the interfering substances was 
acceptable. Furthermore, for the strict quantification 
of PPCPs to be analyzed, the limit of quantitation was 
defined as a concentration with a signal/noise (S/N) 
ratio of ≥ 10, in the range of 0.02–0.04 μg/L, for each 
substance.
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Results
Four types of veterinary antibiotics, including lincomy-
cin, sulfamethoxazole, sulfamethazine, and trimetho-
prim, were analyzed in this study. We attempted to 
investigate the level of contamination of these veterinary 
antibiotics from the manure pile in the livestock farm 
that flowed to the nearby soils and into the nearby river 
via unexpected runoff. Six samples were collected, and a 
water sample of a nearby reservoir (Site 1) was used as a 
control. In addition to Site 1, manure (Site 2), soil around 
the manure pile (Site 3), soil around the vicinity river 
(Site 4), water of the vicinity stream around the manure 
pile (Site 5), and river water (Site 6) were collected and 
used for analysis (Fig. 1).
As mentioned earlier, leachates of samples from Sites 2, 
3, and 4 were obtained by flowing artificial rainwater (pH 
5). The experiment was conducted three times per site, 
and the result was expressed as the average and deviation 
of the level of each antibiotic compound (Fig. 2). At Site 
1, all the four types of antibiotics were identified, among 
which the residual concentration of lincomycin was the 
highest, with the detection level reaching 1.6 µg/L. Other 
Fig. 1 Locations of manure, soil, and water sampling sites in Ulsan, South Korea
Fig. 2 Detection levels of four veterinary antibiotics at each sampling site. The experiment was conducted three times per site. Leachate samples 
for Sites 2, 3, and 4 were obtained with artificial rainwater of pH 5
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antibiotics were detected less than 12 times the con-
centration of lincomycin. Therefore, we believe that the 
vicinity reservoir was already contaminated with these 
antibiotics.
At Site 2, all the four antibiotics were detected in the 
manure pile in the concentration range of 0.3–17.3 µg/L, 
and the concentration of trimethoprim was found to be 
the lowest in this study. At Site 3, trimethoprim was no 
longer detected, and lincomycin was detected at 2.5 µg/L. 
The other two antibiotics were detected at < 0.15  µg/L 
concentration. Site 3 was not far from the place where 
the manure was stored, and hence the leachate was con-
taminated with large amounts of antibiotics. At Site 4, 
trimethoprim and lincomycin were not detected, whereas 
the other two antibiotics were detected at < 0.5 µg/L con-
centration. However, at Sites 5 and 6, lincomycin was 
recovered, and sulfamethoxazole and sulfamethazine 
were determined in the concentration range of approxi-
mately 0.1–0.9 µg/L (Fig. 2).
Figure 3 illustrates a comparison of accumulated con-
centrations of each of the four antibiotics. The total 
amount of antibiotics detected in this study was sig-
nificantly higher at Site 2 than in other sampling sites 
because of the greater contribution of sulfamethazine 
and sulfamethoxazole among the antibiotics. However, 
the detection levels of these sulfa-type antibiotics at Site 
2 were found to be 90 times higher than those in other 
sites, as the level of remaining antibiotics in the soil was 
high. Moreover, lincomycin and trimethoprim might 
be less tightly adsorbed onto soil matrices compared 
with other sulfa-type antibiotics (Fig. 3), although some 
adsorption of lincomycin might be assumed.
Figure 4 shows the relationship between pH level and 
translocation of residual antibiotics in the soil samples 
adjacent to the manure pile (Site 3) according to the pH 
condition of artificial rainwater. The experiments were 
conducted in triplicate, and the average and deviation 
of each antibiotic were calculated (Fig.  4). The influ-
ence of different pH values of artificial rainwater was not 
observed. Therefore, even during an intense acid rainfall, 
the degree of leaching of antibiotics may not differ sig-
nificantly. The reason for using the Site 3 sample was that 
it had a roof on Site 2, assuming that it was not affected 
by rainfall.
Discussion
The total amount of antibiotics and anticoccidials used 
in Korean livestock farms was reported to be almost 984 
tons in 2018, and the total amount of antibiotics used 
in pig farms was 492 tons, which was 50% [14]. Because 
these antibiotics remain in the meat of each animal and 
are presumably delivered to consumers, it is important 
to monitor the residuals of these antibiotics with regu-
lar periodic schedules. A recent study reported that an 
antibiotic was detected in 26 of 58 chicken meat sam-
ples, with the detection rate reaching 45%. Amoxicil-
lin was detected in 9 cases in the concentration range 
of 1.43–3.41 µg/kg, enrofloxacin was detected in 7 cases 
in the concentration range of 0.35–0.73  µg/kg, and sul-
famethoxazole was detected in 6 cases in the concen-
tration range of 0.03–0.37  µg/kg [15]. More recently, it 
has been reported that residual antibiotics cause con-
tinuous genetic selection to induce antibiotic resist-
ance to nontarget microorganisms, which may influence 
Fig. 3 Comparison of accumulated concentrations of lincomycin, sulfamethazine, sulfamethoxazole, and trimethoprim at each sampling site
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veterinarians in prescribing antibiotics [16]. The majority 
of pharmaceuticals are not biodegradable and enter into 
the environment, including the aquatic ecosystem, caus-
ing bioaccumulation and toxicity [3]. In a previous study 
in which the residuals of 22 antibiotics in the Haihe River 
in China were identified, the detection level of sulfameth-
oxazole was 201 ng/L, and for ciprofloxacin and erythro-
mycin, the bioaccumulation factor was averaged at 3262 
and 4492 L/kg, respectively [3].
Moreover, unlike conventional pesticides, these resid-
ual pharmaceutical substances exist in a very low concen-
tration range of a few ng/L to several µg/L in the aquatic 
environment [2, 4, 8]. Furthermore, considering that the 
combined toxicity of these antibiotics has been reported, 
there is probably an urgent need for studies investigating 
not only the single toxicity but also the combined toxicity 
exhibited by antibiotics [7].
In the present study, for investigating the four types 
of livestock antibiotics, a reservoir adjacent to a live-
stock farm was selected as a control, and samples col-
lected from a compost site (swine manure pile), three 
vicinity soils, and connected stream and river were 
selected as the sampling sites to determine the degree 
of leaching of antibiotics from the antibiotic-contam-
inated manure. All the four types of antibiotics were 
detected in the reservoir, designated as the control 
group, with the detection level being 0.03–1.6 µg/L. In 
particular, the detection concentration of lincomycin 
was the highest among the examined antibiotics. In our 
previous study, lincomycin was also detected in all the 
water samples in Ulsan, with the detection level rang-
ing from 13 to 2620  ng/L and the average value being 
317  ng/L [4]. Therefore, in the case of lincomycin, 
continuous and regular monitoring is essential consid-
ering the detection frequency and level in the city.
Furthermore, lincomycin was detected at a signifi-
cantly higher level than the level detected in the vicinity 
of effluents (165 ng/L) from the sewage treatment plant 
in Busan, South Korea [10], which was judged to ele-
vate the probability of occurrence of antibiotic resist-
ance. Therefore, considering the issue of public health, 
it is important to suggest and reorganize the reason for 
the high detection level of lincomycin in the national or 
local management strategy on antibiotics.
The levels of three antibiotics, lincomycin, sulfamet-
hazine, and sulfamethoxazole, remained at high con-
centrations (~ 10  µg/L) at the compost site (Site 2), 
and the detection level of trimethoprim was 0.3 µg/L 
(Fig.  2). The application of livestock manures as fer-
tilizing composts could be suggested as a reason for 
the presence of antibiotic residues in the agricultural 
environment. Samples were collected from vicinity 
soils, sediments, and rivers from the composting facil-
ity to examine the antibiotic residues, and the detec-
tion level was ND–222.84  µg/L [17]. In a previous 
study that investigated seven antibiotics, sulfamet-
hazine was detected at an average level of 20.30–
28.38  µg/L in nearby soils with composting facilities, 
and sulfamethoxazole was also detected at a level 
of 0.77–5.43  µg/L [17]. The total amount of sulfa-
type antibiotics detected in that study was 24.39–
38.82  µg/L, which was similar to the antibiotic level 
detected in the manure pile sample (25.3 µg/L) in the 
present study (Fig. 3). Therefore, the composting facil-
ity, which collects a large amount of swine manure, 
might be the strong nonpoint source of pollution that 
Fig. 4 Concentrations of veterinary antibiotics in leachates obtained with artificial rainwaters of different pH values. The soil sample adjacent to the 
manure pile (Site 3) was used for this rainfall simulation
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contaminated the nearby soils and streams with an 
elevated concentration of antibiotics.
On the other hand, in the previous study in which 
the soil adjacent to the compost facility in Gangwon 
province was selected as the sampling area, tylosin 
was detected at a significantly higher concentration of 
84.47–222.84 µg/L [17], indicating the need to conduct 
periodic monitoring for tylosin in Ulsan. Moreover, in 
the nearby river samples, sulfa-type antibiotics were 
detected at a concentration range of 0.97–14.85  µg/L, 
and a dilution effect of approximately 10 times was 
observed [17]. These results are similar to those 
obtained in the present study, in which a dilution effect 
of approximately 15 times was found (Fig. 3). However, 
the previous study reported a higher concentration of 
antibiotics in sediment samples than in soil and water 
samples, with the detection level of sulfa-type antibiot-
ics being 71.96–120.91  µg/L [17]. Therefore, it is rea-
sonable to monitor sediment samples in future studies 
to understand the characteristics of antibiotic residues 
in comparison with this study.
To confirm that rainwater falls to the manure pile 
area and becomes runoff, thereby contaminating the 
vicinity soil and streams, artificial rainwaters were 
flowed into the samples from Sites 2, 3, and 4 in this 
study. After flowing the water into the manure and 
soil samples, the degree of antibiotic contamination 
in the neighboring soils, streams, and rivers was con-
firmed. When the soils that were presumably contami-
nated by the antibiotics were analyzed, it was observed 
that sulfa-type antibiotics were adsorbed onto the soil 
matrix and contaminated the nearby river at very low 
concentrations (Fig.  3). Moreover, this phenomenon 
was not dependent on the pH value (Fig. 4). Similar to 
these results, higher concentrations of antibiotics were 
detected in samples as closer to the composting facil-
ity in the previous study [17]. However, in the case of 
sediments, it was also confirmed that the distance from 
the composting facility did not influence the degree of 
contamination of antibiotics [1].
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